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$\frac{d^{2}}{dt^{2}}x_{i}(t)=a[V(\triangle x_{i}(t))-\frac{d}{dt}.x_{\dot{q}}(t)]$ , $\triangle x_{i}(t)=x_{i+1}(t)-x_{i}(t)$ (1)








$N$ $x_{i}^{t}$ , $\mathrm{i}$ $i+1$
$vJ_{i}^{t}(m)$ , $\mathrm{i}=1,2,$ $\ldots,$ $N$ $t$ $m=0,1,2,$ $\ldots,$ $M$
, intelltion
$\sum_{m=0}^{M}w_{i}^{\iota}(m)=1$ (2)
$\prime uJ_{i}^{t}\equiv\{w_{i}^{t}(m)\}_{m=0}^{NI},$ $x^{t}\equiv\{x_{i}^{t}\}_{i=1}^{N}$ , intention
$w_{i}^{t+1}(m)=f(w_{i}^{t} ; x^{t}; ra)$ . (3)
, $f$ , $w_{i}^{8}(0),$ $w_{i}^{\ell}(1),$ $w_{i}^{t}(2),$ $\ldots,$ $w_{i}^{\ell}(M)$ $x_{1}^{t},$ $x_{2}^{t},$ $x_{3}^{t},$ $\ldots,$ $x_{N}^{t},$ $m$ ,
,
1. $t$ , $x^{1}$ intention $w_{i}^{t}$ (3) intention
$w_{?}^{t+1}$.
2. $\mathrm{V}_{i}^{t+1}$ $w_{i}^{t+1}$ . , $t$ , $\mathrm{V}_{i}^{t}=$
$\pi\iota\in\{0,1,2, \ldots, M\}$ $w_{i}^{t}(m)$
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, (2) $w_{i}^{t}(0)=1-v_{i}^{t}$ $v_{i}^{t}$ :
$\eta\gamma_{i}^{\mathrm{f}+1}=(1-\iota x)v_{i}^{t}+aV(\triangle x_{i}^{t})$ . (7)














$\langle x_{i}^{t+1}\rangle=\langle x_{i}^{t}\rangle+v_{i}^{t+1}$ (10)
$\langle A\rangle$ $A$ , (10) $w_{i}^{t}(1)=v_{i}^{t}$ $M=1$
$M=1$ ,
, intention ,
$\mathrm{O}\mathrm{V}$ (1) $\mathrm{O}\mathrm{V}$ [5]
$x_{i}^{t+1}=x_{i}^{t}+v_{i}^{t+1}\triangle t$ (11)
$v_{\dot{\mathrm{t}}}^{t+1}=(1-a\triangle t)v_{i}^{t}+(a\triangle t)V(\triangle x_{i}^{f})$ (12)
(7) (10) , , (7)
(SOV) , $V$ (OV)
(10) (11) , (10) ( )
(10) (11) ,
, (11) , $\mathrm{O}\mathrm{V}$
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22 SOV
SOV (7) $a$ , $a=0$ $a=1$
$a=0$ (7)
$v_{i}^{t+1}=v_{i}^{8}=\cdots=v_{i}^{0}$ (13)
, $i$ $v_{i}^{0}=p(0<p<1)$ , SOV $p$ A $\mathrm{S}$





, intention $\triangle x_{i}^{t}$ , $i$ $\triangle x_{i}^{t}$
, (ZRP)[6]
, .
$L$ , $N$ , ZRP :
$\rho:=\frac{N}{L}$ , $Q( \rho)=\frac{N}{L}\sum_{x=0}^{L-N}V(x)p(x)$ , (16)







$p(x):=h(x) \frac{Z(L-N-1_{7}N-1)}{Z(L,N)}$ , (18)
, $Z(L_{i}N)$
$Z(L, N)= \sum_{x=0}^{L-N}Z(L-x-1, N-1)h(x)$ , (19)








. $= \frac{3}{2}$ (21)
SOV
$a=1$ ZRP , $a=0.8$ ZRP
, SOV $a=0$
ASEP , $\mathit{0}\sim \mathrm{O}$ SOV ASEP
Fig 1 Fig. 1(a) $t=1000(\cross)$ $t=\overline{\mathrm{o}}000(\bullet)$
, Fig 1(b) $(t=50000)$
–
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$\fbox_{\aleph^{\backslash }}1:(\mathrm{a})_{[perp]^{\mathrm{I}^{\urcorner}}}’1_{1}\mathrm{e}$ expanded fundamental diagram around the discon tinuous region with $\mathit{0}=0.\mathrm{O}1$
at $t=1000$ ( $\mathrm{g}_{\mathrm{I}}\cdot \mathrm{a}_{\backslash }\mathrm{v}$ crosses), $t=5000$( $\mathrm{b}\mathrm{l}\mathrm{a}\mathrm{c}\mathrm{k}$ circles) starting from two typical blates; the unifornl
state with equal spacing of vehicles and $p(\equiv v_{i}^{0})=1$ , and the randorn state with random spacing
and $l$} $=1$ . We observe three distinct branches, which we call the free-flow, coIlge5ted, and jam
branch. They survive even in the stationary state, which is plotted at $t=$ 50000 in (b). In (b),
we also depict the averaged curves in three branches ( $\mathrm{g}_{\mathrm{I}}\mathrm{a}\mathrm{y}$ liIles), and $\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}\mathrm{i}\mathrm{r}[perp] \mathrm{g}\mathrm{u}\mathrm{i}\mathrm{b}\mathrm{l}\mathrm{l}$ the regions
qualitatively by the vertical dotted lines from $S_{1}$ to $B_{2}$ .
, p=0.14( $T_{2}$ ) (Fig 1(b) ). Fig 2
(a) (b) . Fig.2(a) ,
$t\simeq 5000$ , .
, $t$ $\simeq 7500$ , .
. Fig$.2(\}))$
3 3 .
. , $t\simeq 5000$
.
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, , $t\simeq 12000$ .
. ,
(dynamical $ptla\mathit{8}etr’ ansition$) ,













$\text{ }2:(\mathrm{a})\mathrm{T}1_{1}\mathrm{e}$ time evolution of the flux in thle case $p=0.14$ starting from the uniform state. $\mathrm{V}\mathrm{V}’ \mathrm{e}$
see two plateaus at the flux $Q=0.14$ witb a lifetime $T\simeq \mathit{5}000$ , and $Q\simeq 0.08$ with $T\simeq 7000$













$Q$ if $\sigma_{i\cdot\vdash 1}(t)=1$ ,
$q$ if $\sigma_{i+1}(t)=0$ ,
(22)















$Q=0.75,$ $q=0.25,$ $f=0.005_{\text{ }}$ $L=200_{\text{ }}$
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$[10, 11]_{\text{ }}$ 40
KIFIA









$\text{ ^{}\backslash }5$ : A biochemical cycle of a singte KIFIA motor. They are devided into two mechanical states




1 1 1 8 $\mathrm{n}\mathrm{m}$
4
$(\mathrm{K})_{\backslash }$ A $\mathrm{T}\mathrm{P}$ (KT) A $\mathrm{D}\mathrm{P}$ $(\mathrm{K}\mathrm{D}\mathrm{P})_{\backslash }$
A $\mathrm{D}\mathrm{P}$ (KD) $($ $5)_{\text{ }}$
$\mathrm{K}$ $\mathrm{K}\mathrm{T}$ $\mathrm{K}\mathrm{D}$
(




(0), 1 (1) 2 (2)
: $0arrow 1$ with $\omega_{a}dt$ (24)
: $1arrow 0$ with $\omega ddt$ (25)
: $1arrow 2$ with $\omega hdt$ (26)
: $\{$
$2arrow 1$ with $\omega_{s}dt$
$20arrow 01$ with $\omega fdt$
(27)
: $\{$
$20arrow 02$ with $\omega bdt$

















$\omega f/\omega_{s}\simeq 3/8$ 1
A $\mathrm{D}\mathrm{P}$ $\omega_{\mathrm{s}}+\omega$ ]. $\simeq 0.2\mathrm{m}\mathrm{s}^{-1}$ , $\omega_{s}\simeq 0.145\mathrm{m}\mathrm{s}^{-1}$ and
$\omega f\simeq 0.055\mathrm{m}\mathrm{s}^{-1}$ $\omega d=0.0001$
$\mathrm{m}\mathrm{s}^{-1}$
$C$ $\omega_{a}=10^{7}C/\mathrm{M}\cdot \mathrm{s}$
$C$ 10 1000 $\mathrm{I}1\mathrm{M}$ \mbox{\boldmath $\omega$}
00001 $\mathrm{m}\mathrm{s}^{-1}\leq\omega_{a}\leq 0.01$ ms-1 $=$







A $\mathrm{T}\mathrm{P}$ A $\mathrm{S}\mathrm{E}\mathrm{P}$
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$\fbox_{\nu^{\backslash }}6$ : Diagrarn of the rnode4 in the $\omega h-\zeta_{\mathrm{A}}ia$ plane, with the corresponding values for ATP and
KIFIA concentrations given in brackets. These quantities are controllable in cxperiinent. The
boundary rates are $\alpha=\omega_{a},$ $\mathcal{B}_{1,2}=\omega_{d},$ $\gamma_{1,2}=\delta=0$ . We see the forrnation of the immobile shock,
whose position depends on both ATP and KIFIA concentrations.
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